abstract -Objective: Bertolotti's syndrome is a spine disorder characterized by the occurrence of a congenital lumbar transverse mega-apophysis in a transitional vertebral body that usually articulates with the sacrum or the iliac bone. It has been considered a possible cause of low back pain. Method: We analyzed the cases of Bertolotti's syndrome that failed clinical treatment and reviewed the literature concerning this subject. Results: Five patients in our series had severe low back pain due to the neo-articulation and two of them were successfully submitted to surgical resection of the transverse mega-apophysis. Taking into account the clinical and surgical experience acquired with these cases, we propose a diagnostic-therapeutic algorithm. Conclusion: There is still no consensus about the most appropriate therapy for Bertolotti's syndrome. In patients in whom the mega-apophysis itself may be the source of back pain, surgical resection may be a safe and effective procedure.
Bertolotti' s syndrome is characterized by the presence of a large transverse apophysis in one or both sides of a lumbar transitional vertebra that articulates with the sacrum or with the iliac bone. "Transitional vertebra" is anatomically defined as a vertebra that shares similar features with both upper and lower vertebral segments. In Bertolotti's syndrome, the posterior arch or transverse apophysis of the vertebra usually has both lumbar and sacral characteristics, occurring most commonly at l5, but can also occur at l6.
The majority of patients are asymptomatic 1,2 and despite its first description dates from 1917 3 , little is yet known about the biomechanical effects of such abnormal vertebra and its relation to low back pain. It has been Transitional low back pain Almeida et al.
assumed that progressive modifications in the biomechanics of the spine can occur, generating abnormal weight overload in the articular facets and adjacent intervertebral discs resulting in degeneration 4 . Although Bertolotti's syndrome is a congenital abnormality, it is often clinically recognized only after the second decade of life 5 . Nevertheless, there is evidence that a typical transverse megaapophysis may be the cause of low back pain in the region of the neo-articulation 6 . Due to the multifactorial etiology of low back pain in patients with Bertolotti' s syndrome, there are several therapeutic options, whereas the most appropriate treatment for each case, as well as the specific role of surgical resection of the transverse mega-apophysis in the therapeutic armamentarium, still remain a matter of controversy.
meThod
A literature review of the Bertolotti's syndrome was carried out through the Medline database. The following keywords were used: Bertolotti's syndrome, lumbosacral transitional vertebra and lumbar back pain.
Thereafter, we analyzed five patients diagnosed with Bertolotti' s syndrome and taking into account the clinical and surgical experience acquired with these cases, we propose a diagnostictherapeutic algorithm in order to guide the surgeon through the decision making process involved in the evaluation of back pain and its possible relationship with a transitional vertebra.
resulTs
A total of 31 articles were retrieved from the Medline database. of them, we selected only studies written in english regarding diagnosis and treatment of Bertolotti's syndrome, which resulted in 18 articles revised 1, 2, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Among the patients with low back pain and transverse mega-apophysis followed in our service from 2000 to 2006, five of them did not improve with clinical treatment, including non-steroidal anti-inflammatory drugs (NsAIDs), physiotherapy and physical exercises. These patients were thus submitted to a therapeutic test with anesthetic block at the contact of the mega-apophysis with the sacrum, which allowed temporary pain relief in all of them. Thereafter, they underwent a radiofrequency neurolisys, whereby three had only a partial control of the pain and two had significant improvement. The latter two patients had the mega-apophysis surgically resected and became asymptomatic after the procedure and during the one year-follow up. Their cases are reported in order to illustrate the possible pathways proposed in the diagnostictherapeutic algorithm of Bertolotti' s syndrome as follows.
Case 1
A 39 year-old woman was admitted to the hospital complaining of a 5-year severe low back pain. The pain was described as being constant, dull, and localized on the paramedian right side. It worsened when the patient performed extension or lateralization of her back to the same side of the mega-apophysis, stood for more than 30 minutes or after physical exertion. Despite the use of NsAIDs and opioids, the pain remained unchanged. Imaging exams showed a transverse mega-apophysis on the right side at l5 that corresponded exactly to the point of pain and tenderness. Magnetic resonance imaging (MrI) depicted no major disc degeneration or other vertebral abnormalities. An anesthetic lumbar block test was performed at the neo-articulation point, which ensured total analgesia for 2 hours. only a small volume (2 ml) of lidocaine was injected into the site, avoiding any spreading of the solution. After 2 hours of relief, the pain returned and remained exclusively in the region related to the right transverse mega-apophysis. It was then decided to perform a surgical resection of the transverse megaapophysis. There were no complications, and the patient was discharged from the hospital two days after the procedure with 90% improvement in low back pain; at the six month-follow up, she had no low back pain at all.
Case 2
Female, 32 years of age, presented a history of unilateral right-sided low back pain lasting for the previous 4 years. The pain increased when climbing stairs and sitting, and was relieved when lying down. There were no complains of paresthesias or hypoesthesias and no major radiation. Neurological examination was normal. The imaging exams included lumbosacral radiographs, a computed tomography (CT)-scan and a MrI, which revealed bilateral transverse mega-apophysis of l5, articulating with the sacrum. Despite the bilateral image findings the patient showed only major symptoms on her right side (Figs 1 and 2). she was clinically treated without success for three years at which point she underwent an anesthetic block of the lumbosacral articulation on the symptomatic side, resulting in complete remission of pain for two hours. Following this outcome, a radioscopy-guided radiofrequency denervation of the abnormal articulation was performed, resulting in 70% decrease in pain for four months. It was then decided to resect the symptomatic transverse megaapophysis, which led to total resolution of the pain. After this procedure, the patient remained asymptomatic.
discussion
In 1917, Mario Bertolotti, an Italian surgeon, was the first author to put forward a possible relationship between low back pain and congenital anatomical abnormalities in the last lumbar vertebra, described as "sacral assimilation of the lumbar vertebrae" 3 . since then, the term Bertolotti's syndrome has been used to define the presence of a transverse mega-apophysis in a lumbar vertebra with transitional characteristics associated with low back pain 22 . Four to seven percent of patients with low back pain present transitional vertebrae 1, 21, 23, 24 . Castellvi et al. 23 analyzed 200 patients with myelographic findings of lumbar disc herniation and discovered vertebrae with transitional characteristics in 60 cases. The authors proposed a classification of four groups based on the morphological characteristics of such abnormal vertebra.
In a recent study including patients with degenerative disc disease (DDD), a higher incidence of transitional vertebra was found in the youngest group (present in up to 10% of the patients under 30 years of age with DDD) in comparison to the general population 5 . There is a paucity of studies on biomechanical effects associated with the occurrence of transitional vertebrae. It has been hypothesized that motion between the transitional vertebra and the sacrum is reduced and asymmetrical. This asymmetry can result in early degenerative changes within the "neoarticulation" or in the normal contralateral facet joint 2 , giving rise to facet pain 4 . In addition to the reduction in motion, it is assumed that biomechanical stress transferred to the upper mobile vertebral segment can accelerate the disc degeneration 22, 23, 25 . elster et al. 2 reported higher incidences of disc herniations linked to degenerative disc disease above the transitional segment. Conversely, the disc between the transitional vertebra and the sacrum is usually fibrotic and contains little nuclear material. Tini et al. 21 have demonstrated that very few disc herniations occur at this level. In fact, recent series have confirmed that lumbar discs immediately above the transitional vertebra have a higher incidence of degeneration and those between the transitional vertebrae and the sacrum are significantly less likely to degenerate 25 . Diagnostic imaging of low back pain usually includes X-rays, CT-scan and MrI. For the evaluation of transitional vertebrae, X-ray films in anteroposterior, lateral and oblique incidences are of special importance. Computed tomography may be helpful in the identification of associated stenosis, osteophytes and areas of sclerosis surrounding the contact point of the mega-apophysis with the lateral iliac or sacral bone. Magnetic resonance imaging is the standard method for studying DDD and possible associated disc herniations that have been demonstrated to occur more frequently in Bertolotti's syndrome.
Bone scintigraphy may reveal an inflammatory process within the articular facets, specifically at the level of the mega-apophysis 8 , although some authors believe that arthritis is not the direct cause of pain in all patients, as many subjects with Bertolotti's syndrome are young and have "cold" bone scans 22 . single-photon emission computed tomography may be useful in the identification of possible candidates for local anesthetic infiltration and future radiofrequency blocks 26 . The initial treatment of Bertolotti's syndrome, as with other causes of low back pain, is clinical, including a combination of NsAIDs and rehabilitative physical therapy. The performance of anesthetic blocks at the articulation level between the mega-apophysis and the sacrum or iliac bone may be effective in temporarily relieving pain in some cases. This was useful in the identification of the origin of the pain, although no previous study confirmed a prognostic value of this procedure. These blocks should be performed with a minimal amount of anesthetic delivered precisely to the point of interest. In our experience, conventional radiofrequency neurolysis proved to be a safe, non-invasive procedure for those cases that had improved with anesthetic blocks, providing significant pain relief and aiding future physical rehabilitation programs 6 . Nevertheless, the relief may be temporary, whereby major studies concerning about the efficacy of radiofrequency denervation are required. surgical resection of the transverse mega-apophysis at the symptomatic site may be indicated in those refractory cases associated with degenerated facets 27 . our patients experienced a complete remission of the symptoms following surgery and remained asymptomatic until the end of the follow up period.
Degenerative disc disease is managed according to the indications and particularities of each case. The therapeutic armamentarium for DDD includes surgical microdiscectomy, nucleolysis and arthrodesis 5 . The latter involves pedicular screws, transforaminal lumbar interbody fusion (TlIF), posterior lumbar interbody fusion (PlIF) and, more recently, anterior lumbar interbody fusion (AlIF). (see proposed diagnostic-therapeutic algorithm.)
Despite the existence of a significant number of as- ymptomatic patients, transitional vertebrae associated with abnormal transverse mega-apophysis may be the cause of low back pain in others. This symptom may be related to progressive modifications in the biomechanics of the spine, generating abnormal weight overload in articular facets and adjacent intervertebral disc degeneration. Abnormal lateral contact of transverse mega-apophysis with sacrum or iliac bone can also be the source of local pain. Perhaps due to its rare occurrence, the pathophysiology of Bertolotti's syndrome is still obscure and there is no consensus about the most appropriate therapy for each patient. Due to its multifactorial causes and the common findings of low back pain in the general population, it becomes essential to differentiate between low back pain due to transverse mega-apophysis contact with the sacrum from other sources of back pain in patients with Bertolotti's syndrome. Based on our experience we propose an algorithm in order to identify a subgroup of patients with Bertolotti's syndrome in which the transverse mega-apophysis could be assigned as the cause of low back pain; consequently, these patients might benefit from surgical resection. 
